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Abstract
Objective-DDD pacing is better than
VVI pacing in complete heart block and
sick sinus syndrome but is more expen-
sive and demanding. In addition, some
patients have to be programmed out of
DDD mode and this may have an impor-
tant impact on the cost-effectiveness of
DDD pacing. The purpose of this study
was to determine how many patients
remain in DDD mode over the long term
(up to 10 years).
Design-A retrospective analysis of the
outcome over 10 years of consecutive
patients who had their pacemakers pro-
grammed initially in DDD mode.
Setting- A district general hospital.
Patients-249 patients with DDD pace-
makers. Sixty two patients (24.9%) had
predominantly sick sinus syndrome and
180 (72.3%) had predominantly atrio-
ventricular conduction disease. Mean
(range) complete follow up for this group
ofpatients was 32 months (1-10 years).
Results-Cumulative survival of DDD
mode was 83-5% at 60 months. Atrial fib-
rillation was the commonest reason for
abandonment ofDDD pacing. Atrial fib-
rillation developed in 30 patients (12%),
with atrial flutter in three (1.2%). Loss of
atrial sensing or pacing, pacemaker
mediated tachycardia, and various other
reasons accounted for reprogramming
out of DDD mode in eight patients
(3.2%). Overall, an atrial pacing mode
was maintained in 91% and WI pacing
was needed in only 9%.
Conclusions-With careful use of pro-
gramming facilities and appropriate sec-
ondary intervention, most patients with
dual chamber pacemakers can be main-
tained successfully in DDD or an alterna-
tive atrial pacing mode until elective
replacement, although atrial arrhythmia
remains a significant problem. There are
no good reasons, other than cost, for not
using dual chamber pacing routinely as
suggested by recent guidelines and this
policy can be achieved successfully in a
district general hospital pacing centre.
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Dual chamber atrioventricular synchronous
pacing (DDD) has been shown in many stud-
ies to provide better haemodynamics and
quality of life than ventricular inhibited single
chamber pacing (VVI) in patients with com-
plete atrioventricular block.l1 Nevertheless,
the unreliability of some atrial leads, extra
time required for atrial lead fixation, complex-
ity of follow up, and high price ofDDD units
have created a reluctance to implant dual
chamber pacemakers and VNI pacing has
been recommended as acceptable treatment.5
Furthermore, patients occasionally need to be
programmed out of DDD mode with loss of
all the advantages of atrioventricular syn-
chrony, and the frequency of this over the
long term remains uncertain. This aspect may
have an important influence on the assess-
ment of the cost-effectiveness of DDD pace-
makers. Gross et a16 found in their
retrospective study in the United States that
over a mean follow up of 33 months 18% of
patients had their pacemaker permanently,
and 2% temporarily, reprogrammed out of
DDD mode and the DDD mode survival rate
was 78% at 5 years. The major cause was the
development of atrial fibrillation which was
associated with dominant sinoatrial disease.
Detollenaere et al7 from Belgium found that
during a mean follow up of 30 months repro-
gramming to VVI mode was necessary in
15-5%, with atrial fibrillation and flutter being
the most common causes.7 There are little
data from a United Kingdom centre in which
the patient population may be different and in
particular from a district general hospital
where most pacemakers are now implanted.
We have therefore reviewed our experience
with dual chamber pacemakers to determine
the acute and long-term outcome of a cohort
of patients with DDD pacemakers, in particu-
lar to find out how many remain in DDD
mode and what are the main reasons for loss
of this mode.

Patients and methods
All available and completed notes of patients
fitted with dual chamber pacemakers and fol-
lowed in our pacemaker clinic were reviewed
in this retrospective study. The implantations
took place between September 1981 and
April 1992. More than 95% of the implanta-
tions were carried out by two cardiologists.
We used passive fixation atrial and ventricular
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Figure 1 Cumulative
survival of the DDD
pacing mode by the
Kaplan-Meier method.
The number ofpatients at
each interval is shown. 7
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documented atrial fibrillation before implan-
tation. The mean (range) follow up was about
32 months (1-10 years).

SECONDARY INTERVENTION
s0 - Twenty four patients (9 6%) needed reopera-
0o - tion during the follow up period. In total 12
to - atrial and two ventricular electrodes were
0 - repositioned to restore adequate sensing or
20 - pacing, or both, even in the absence of gross
lo - dislodgment. Eight atrial electrodes needed
0 replacement; three because of failure of pac-1 6 12 24 36 48 60 ing because of high threshold, three as a result

Time (months) of fractures, and one each for an insulation
break and loss of atrial sensing secondary to
random component failure. One ventricular
electrode was replaced because of insulation

rodes. They were inserted via the trans- break and one for failure of pacing because of
wus route using the left subclavian vein exit block. Two patients (0 8%) were reoper-
') and, to a less extent, the left cephalic ated on because of pacemaker infection. Pulse

generator replacement for normal battery
)llow up visits were arranged at 1 and 3 depletion was not considered a reparative
ths after implantation, and at 6-9 month intervention.

intervals thereafter. Routine assessments
included sensing and pacing thresholds on
both leads, testing for pectoral muscle stimula-
tion and myopotential inhibition, as well as
checking the wound for signs of infection.
Demographic information included patient
age, gender, and indication for implanta-
tion,-that is, dominant sinoatrial or atrioven-
tricular conduction disease. The following
information was also analysed: (a) duration of
follow up; (b) need for secondary surgical
intervention and its reason; (c) need for repro-
gramming out ofDDD mode; and (d) reason
for reprogramming including the develop-
ment of atrial fibrillation, loss of atrial sensing
or pacing, pacemaker mediated tachycardia,
and lead dislodgment. Loss of atrial sensing or
pacing without obvious dislodgment in x ray
film was still considered an indication for sur-
gical exploration and repositioning of the
lead.

[I AF
E1 Atrial flutter
= PMT
M Failure of

atrial pacing
ThI Failure of

atrial sensing
m Miscellaneous

Figure 2 Causes ofDDD
mode abandonment and
their relative incidence.
AF, atrialfibrlation,
PMT, pacemaker mediated
tachycardia.

STATISTICAL ANALYSIS
A cumulative survival curve of the DDD pacing
mode was calculated using the Kaplan-Meier
method. A pacemaker was defined as a non-

survivor if it was programmed out of DDD
mode for the rest of the patient's follow up.

Results
PATIENT CHARACTERISTICS
The notes of 249 patients fitted with dual
chamber pacemakers who had their pace-
makers programmed from the onset in DDD
mode were available. The mean (SD) age of
the 249 patients was 71 (10) years; 58-2%
were male. Sixty two patients (24-9%) had
predominant sinus node disease. Of 180
patients (72-3%) with predominant atrioven-
tricular conduction disease, 140 had complete
atrioventricular block and 40 were paced
because of symptomatic 2:1 atrioventricular
block or trifasicular block. Seven patients
(2 8%) were paced because of carotid sinus
syndrome, malignant vasovagal syndrome,
and miscellaneous indications. No patient had

PACEMAKER SURVIVAL IN DDD MODE
In total 37 patients (14.9%) required perma-
nent programming out of DDD mode during
the whole of the follow up period. At first
follow-up visit, 1 month after implantation,
242 (97 2%) of 249 patients were still in
DDD mode. After 6 months of follow up 94%
of pacemakers remained in DDD, at 12
months 92-1%, at 24 months 91-9%, at 36
months 88%, at 48 months 85-8%, and at
60 months 83-5% of pacemakers were still
functioning in the DDD mode (fig 1).

REASONS FOR REPROGRAMMING
The development of atrial fibrillation was the
most common indication for abandonment of
DDD mode (fig 2). It was noted in 30
(12-0%) of the 249 study patients. Atrial fib-
rillation developed in 10 (16%) of 62 patients
with sick sinus syndrome and 18 (10%) of
180 with atrioventricular block (not signifi-
cant; P = 0.2). Four patients had a single
episode of atrial fibrillation, returned to sinus
rhythm after treatment with amiodarone and
were reprogrammed back to DDD mode (car-
dioversion was not used in any patient).
Thirteen patients developed chronic atrial fib-
rillation and were programmed to VVI. In the
remaining 13 patients, their atrial fibrillation
was paroxysmal; nine were changed to DVI
and four to DDI mode (fig 3). Atrial flutter
developed in another three patients (pro-
grammed to VVI).

Pacemaker mediated tachycardia was the
reason for abandonment of DDD in two
patients. Two patients had their device pro-
grammed out of the DDD mode because of
failure of atrial pacing. Pacemaker reprogram-
ming was performed because of failure of
atrial sensing in only one patient; one patient
programmed into AAI because of high ven-
tricular threshold and in another two patients
for miscellaneous reasons. Thus, an atrial
pacing mode (DDD, DVI, DDI, or AAI) was
maintained in 91% and VVI pacing was
required in only 9% (23 patients).
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Figure 3 Schematic
representation of the
incidence of atrial
fibrillation (AF) in this
study population.

No. of patients: 4

Programmed to: DDD
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219 patients inadequate functioning of the atrial lead-
] freeof AF non-sensing or non-pacing, or both-the

choice was between reprogramming to VVI
with loss of all the advantages of the DDD

13 patients 13 patients system and exploratory intervention. We usu-
developed developed ally opted for the latter to correct "microdis-aroxysmal AF chronic AF lodgment" of the atrial electrode-that is, not

seen in x ray film, and in occasional cases to
replace a faulty electrode due to fracture or
insulation break. In the majority this policy

4 9 13 led to the restoration of adequate sensing and
DDI DVI Wl pacing. This may account for the fact that loss

of atrial sensing accounted for only 2-7% of
permanent failures of DDD mode, as com-
pared with 26-2% in the study of Gross et al,6
and perhaps contributes to the higher per-

'cumented the advan- centage of patients who remained in DDD
[ pacing in both atrio- mode (83-5% v 78%).
ick sinus syndrome.l" Atrial fibrillation, which developed in 12%
d with an increase in of our patients, was the most common reason
quency of atrial fibril- for abandonment ofDDD mode. This obser-
nce of thromboem- vation is in concordance with other studies.
asma atrial natriuretic Gross et al6 found that atrial fibrillation,
se capacity,'4 reduced whether chronic or paroxysmal, developed in
robably higher mortal- 10% of the patients and accounted for 48% of
chronic symptomatic reprogramming out ofDDD mode. Similarly,
and congestive heart chronic atrial fibrillation was responsible for
ively affected by VVI 73% of loss of atrioventricular synchronous
synchronous pacing pacing in the study of Byrd et al.8 In a recently
in this subset of published study from a United Kingdom

centre, however, Chamberlain-Webber et al'8
rave additional advan- reported a low incidence of atrial fibrillation
atrioventricular block (3 3%) in a group of 771 patients followed up
incompetence'516 but over a mean (SD) of 40 (31) months.
y used in the United Detollenaere et al7 found a high frequency of
considerable evidence atrial flutter in their group, nearly half of the
pacing is superior to patients who developed atrial arrhythmia. In
atrioventricular block our study atrial flutter occurred in only three
VVI units are still the patients (1-2%), a rate similar to that found
)lanted in the United by Gross et al.6 Patients with sick sinus syn-
ase of VVI pacing has drome, however, had a 1-5 times greater risk
e arguments against of developing atrial fibrillation than patients
inely for atrioventricu- with atrioventricular conduction defect
expense, shorter life (16.1% v 10%; although this was not statisti-
licated follow up and cally significant), and this is consistent with
iore if atrioventricular other studies.6-9 In addition, the mode of pac-
e circumstances force a ing seems to be an independent risk factor for
Len the patient will be the development of atrial fibrillation, espe-
nit from which he will cially in patients with sinus node dysfunction.
e question therefore is Langenfeld et al19 showed that atrial fibrilla-
nd what are the main tion was significantly more common in
)ortant aspect of this patients with sick sinus syndrome who had
Published data are VVI pacing compared with those who had

ising older generators DDD (37% v 19% respectively, P < 0-01).
- to current pacemak- Similarly, Hesselson et al9 found in a group of
he United States of 950 patients that 14% developed atrial fibril-
8% of their patients lation and that this was over four times more
le at 5 years and our common in those with a VVI pacemaker,
83-5% in DDD mode especially in those with sick sinus syndrome.
on, of the 37 patients In many patients, DDD modes can be main-
ras permanently aban- tained by cardioversion to sinus rhythm,
re converted to other either electrically or by drugs, followed by
Le to AAI and seven to suppressive treatment with amiodarone or
th the study by Gross sotalol and this was our policy. The DDI
a higher incidence of mode is useful for paroxysmal atrial fibrilla-
vention-that is, 9-6% tion.20 DDI mode provides atrial ventricular
rsus 4%. Half of our sequential pacing with atrial sensing, but no
reposition atrial elec- tracking during sinus rhythm. Atrial sensing
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prevents competitive pacing in the atrium and
during an atrial tachyarrhythmia there is no
possibility of inappropriate tracking. DDDR
pacing may help to reduce the incidence of
atrial fibrillation especially in those with atrio-
ventricular block and chronotropic incompe-
tence who in effect have sick sinus syndrome
and who are more prone to develop atrial fib-
rillation. However, this is unproved. It is
known that DDDR is preferable to VVIR for
patients with chronotropic incompetence2'
but not if DDDR is better than DDD alone
with respect to the development of atrial fib-
rillation over the long term. Some DDDR
pacemakers contain algorithms that limit
inappropriate ventricular pacing rate during
tracking of pathological supraventricular tach-
yarrhythmia and atrial flutter by Wenckebach-
like prolongation of the atrioventricular
interval. This may occasionally cause an
unexpected extension of the atrioventricular
interval in patients with high atrial rate and
intact atrioventricular nodal conduction
which may appear as failure of ventricular
pacing on the electrocardiogram.22 Another
possibility in the future for the management of
atrial fibrillation is the incorporation of a
mechanism for atrial defibrillation into a
DDDR pacemaker.2'

Another aspect of this study group which
may be different is that we have used almost
exclusively passive fixation atrial leads. P wave
amplitudes are initially better with passive fix-
ation electrodes but chronically there is little
difference,24 and atrial threshold stimulation
energies do not differ between the two lead
groups. There is no good evidence at the
moment to support the notion that passive
fixation atrial leads are associated with lower
rates of atrial fibrillation but it is a possibility.

Pacemaker mediated tachycardia was a
problem with the first generation DDD pac-
ing systems but this is not so with the recent
models. In our study, pacemaker mediated
tachycardia accounted for only 5-4% of the
reasons for reprogramming out of DDD
mode, and this was with the earlier models
which had limited programmability and fixed
post ventricular atrial refractory period.
The study is limited by its retrospective

nature. There was no control group in whom
results of VVI pacing were compared with
those of DDD. Not all risk factors for the
development of atrial fibrillation were rou-
tinely recorded. The number of patients
included and the long duration of follow up,
however, all support the validity of our data
and their applicability to the general pace-
maker population. Another aspect of this
study relevant to practice in the United
Kingdom is that it confirms the feasibility of a
policy to insert DDD pacemakers where indi-
cated in a district general hospital with good
results. There is no reason for the newer pacing
centres in these hospitals merely to implant
VVI pacemakers.

Conclusion
In this study 83-5% of patients with dual

chamber pacing systems were maintained in
DDD pacing mode for at least 5 years, and
91% maintained some form of atrial pacing.
The major reason (in 78%) for abandoning
DDD mode was the development of atrial fib-
rillation or atrial flutter. This continues to be
a significant drawback and further research is
required to identify those at greater risk of
developing atrial tachyarrhythmia.
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